Objective: To assess the radiological, scintigraphic, surgical, and histological success rates of radioguided occult lesion localisation (ROLL) 
INTRODUCTION
Breast cancer is the most common malignant tumour affecting women in Hong Kong. The number of diagnosed cases tripled from 1152 in 1993 to 3508 in 2012. An average of nine women are diagnosed with breast cancer every day. 1 Breast cancer accounts for 25.1% of all newly diagnosed malignancies in female patients locally and 25.2% internationally. 2, 3 Due to the greater availability of breast screening services and increasing public awareness of breast cancer, the incidence of ductal carcinoma in-situ (DCIS) has significantly increased in recent years. 4, 5 According to a local large-scale opportunistic breast cancer screening programme, 6 DCIS accounted for 28% of all newly diagnosed breast cancers in Hong Kong. Most cases of DCIS are clinically non-palpable and sonographically occult, therefore requiring the use of radionuclide localisation or stereotactic-guided hookwire insertion to obtain a pathological diagnosis.
Radioguided occult lesion localisation (ROLL) was first introduced in 1996 at the European Institute of Oncology in Milan as a possible superior alternative to hookwireguided localisation. 7 Inspired by the rationale for sentinel node biopsy, this technique utilises intralesional injection of radiotracer to localise the primary lesion with the guidance of a gamma probe intra-operatively. With the help of a gamma probe, this method provides an opportunity for the surgeon to choose the best route of access and perform a lumpectomy that aims to achieve tumour-free margins, while removing a minimal volume of tissue. This technique also allows the surgeon to check for any residual radioactivity in the breast tissue, thus ensuring complete excision.
Various studies have reviewed the utilisation of ROLL with or without comparison with hookwireguided localisation. Locally, it has been found that ROLL excels in yielding a much shorter localisation time and is as good as hookwire localisation in terms of specimen margin clearance and the need for reexcision. 8 ROLL also offers the advantage of enabling simultaneous sentinel lymph node biopsy for invasive cancers. Monti 10 100 patients with 120 proven malignancy or DCIS underwent ROLL. A sentinel node procedure was performed in 72 patients by placing a second injection of technetium-99m subdermally or in the periareolar area with a success rate of 98.6%. Complete tumour removal with negative margins was noted in 55 (80%) out of 69 patients in the invasive carcinoma group, and 65% in the DCIS group. 10 A group of patients with non-palpable suspicious lesions of BI-RADS (Breast Imaging-Reporting and Data System) grades 4-5 were prospectively studied by Lavoué et al. 11 During the ROLL procedure, technetium99m was injected peritumourally at the superficial and deeper poles of the lesion. In all cases, the lesion was localised and removed. Pathological examination showed involvement of margin in only seven (10%) of 72 patients. In four patients, multi-focal tumour was identified. These 11 (15%) patients required re-excision. The sentinel node procedure was also successful in 90% of these patients when the radioactive tracer was combined with a peri-tumoural injection of blue dye during surgery.
Van Esser et al
12 recruited patients with core biopsyproven invasive carcinoma who required breastconserving surgery and a sentinel node procedure. One intra-tumoural injection was used for both localisation of the tumour and the sentinel node procedure. In 78% of the 40 enrolled patients, complete excision of the tumour was achieved and the sentinel node was also identified in 88% of patients.
Despite these advantages, ROLL has drawbacks. Radioactive substance may flow into mammary tissue adjacent to the tumour, or there may be inadvertent intraductal injection of contrast leading to failed or inaccurate localisation. This may hinder localisation of the lesion itself and result in excessively large excision volumes. 13, 14 T h e a i m o f t h i s s t u d y w a s t o e v a l u a t e m o r e comprehensively the utilisation of ROLL in terms of radiological, scintigraphic, surgical, and histological success.
MEtHODS
W e r e t r o s p e c t i v e l y r e v i e w e d 9 4 c o n s e c u t i v e stereotactic-guided ROLL procedures performed for indeterminate to highly suspicious microcalcifications in a regional hospital of Hong Kong from September 2002 to May 2014. Mammograms, scintigraphic records, intra-operative findings, pathology results, and consultation notes of patients were reviewed. The radiological, scintigraphic, surgical, and histological success rates were determined. Radiological success was defined as accurate localisation of the targeted microcalcifications with radiographic iodinated contrast. Scintigraphic success was defined as accurate localisation of the targeted microcalcifications with radio-isotopes. Surgical success was defined as a ≥1 mm clear margin or no lesion involvement in the surgical specimen. Associations between DCIS, invasive ductal carcinoma (IDC), and surgical success were analysed using Fisher's exact test. Histological success was defined as the inclusion of microcalcifications mentioned in the pathology report. The study was approved by the hospital ethics committee, with the requirement of patient informed consent waived because of its retrospective nature.
Pre-procedural Mammogram
R a d i o l o g i c a l f i n d i n g s i n t h e p r e -p r o c e d u r a l mammograms were categorised according to the Royal College of Radiologists Breast Group breast imaging classification 15 into five categories depending on the level of suspicion for malignancy and the need for further investigation (Table 1   15 ).
Category
Level of suspicion for malignancy 1 Normal There is no significant imaging abnormality. 2 Benign findings The imaging findings are benign and further investigation purely on the basis of the imaging findings is not indicated. 3
Indeterminate / probably benign findings There is a small risk of malignancy, and further investigation is indicated. 4 Suspicious of malignancy There is a moderate risk of malignancy and further investigation is indicated. 5 Highly suspicious of malignancy There is a high risk of malignancy and further investigation is indicated. 
the Radioguided Occult lesion localisation Procedure
The targeted cluster of indeterminate to highly suspicious microcalcifications was located with the use of paired stereo images obtained at 15 degrees by the mammographic machine. A 21-G spinal needle was inserted to localise the designated microcalcifications. After radiographic confirmation of the position of the spinal needle, 5-10 MBq technetium-99m Tc macroaggregated albumin was injected into the lesion followed by 0.1-0.2 ml of radio-opaque non-ionic iodinated contrast to ensure correct location of the injected radio-isotope without inadvertent injection into the intramammary ducts. Post injection views were obtained to confirm contrast staining at the area of the targeted microcalcifications ( Figure 1) . The patient was then transported to the Department of Nuclear Medicine for scintigraphic examination to ensure focal concentration of radio-isotope tracer ( Figure 2 ).
After a successful ROLL procedure, the patient underwent radioguided surgery in which a gammadetecting probe was used to measure the radioactivity intra-operatively and to identify the area with maximal activity corresponding to the site of the suspicious microcalcifications. The lesion was excised and complete excision confirmed by the absence of residual radioactivity in the surgical bed. The surgical specimen was then sent to the Department of Radiology for a specimen radiograph to verify inclusion of the targeted lesion in the excised surgical specimen (Figure 3 ). The intra-operative specimen radiograph was read by a dedicated radiologist who immediately communicated the findings to the surgeon.
Surgical success in this study was defined as a ≥1 mm clear margin or no lesion involvement in the specimen radiograph. The calibre of acceptable negative surgical resection margin in breast-conserving treatment for DCIS remains controversial: figures between 1 mm and 10 mm have been used. 16 In a local study, 8 a clear margin was defined as a >1 mm margin clear of any lesion involvement. In a study conducted by Neuschatz et al, 17 the incidence of residual DCIS at re-excision correlated with the margin-width free of DCIS involvement on the initial surgical specimen: 41% with a <1 mm margin, and in 31% when using a margin of 1-2 mm. In a large survey of breast surgeons carried out in the USA, 18 22% stated that the minimal acceptable resection margin for DCIS was 1 mm. The diversity in the data can be partly related to the paucity of international consensus regarding the optimal pathological and radiological margin to be adopted, and is a topic for future studies.
Statistical Analysis
Association between DCIS, IDC, and surgical success was evaluated using the Fisher's exact test. 
RESULTS
The total number of stereotactic-guided ROLL performed was 94. Patient age ranged from 33 to 73 years with a mean of 51.5 years. The location of the targeted microcalcifications is summarised in Table 2 .
Radiological success was achieved in 88 (93.6%) of 94 cases. There were four cases of inadvertent intraductal injection of iodinated contrast and two cases of contrast staining away from the suspicious microcalcifications. Scintigraphic success was achieved in 93 (98.9%) cases. There was one failure related to injection of an insufficient amount of radio-isotope. There were a total of 87 successful cases of stereotactic-guided ROLL. Histological success where the presence of microcalcifications was mentioned in the pathology report was achieved in 82 (94.3%) of 87 patients.
Histopathology
Histopathology of the benign and malignant breast lesions is summarised in Tables 3 and 4 , respectively. In the benign lesions, fibrocystic changes were most commonly observed (62% Table 5 . There was a significant association of DCIS with lower surgical success (p = 0.017).
Of the cases with margin involvement of DCIS, 10 (62.5%) patients had re-excision of margin and six (37.5%) underwent subsequent modified radical mastectomy of whom two had failed re-excision of margin. All patients survived with no recurrence on follow-up breast imaging for 12 years except one patient who died from carcinoma of the ovary. Table 2 . Location of the targeted microcalcifications on preprocedural mammograms. Table 4 . Histopathology findings of malignant lesions in stereotactic-guided radioguided occult lesion localisation (n = 37). Table 3 . Histopathology findings of benign lesions in stereotacticguided radioguided occult lesion localisation (n = 50). 
DISCUSSION
ROLL has been shown in various studies to be effective in localising breast lesions. A prior local study 8 demonstrated that ROLL yields a much shorter localisation time and is as good as hookwire in terms of specimen margin clearance and the need for re-excision. It also offers the benefit of enabling simultaneous sentinel lymph node biopsy for invasive cancers. ROLL has a further advantage of delivering less radiation to patients and staff. As low-dose gamma radiation is employed and technetium-99m has a short halflife of 6 hours, radiation safety is ensured. In a study carried out by Cremonesi et al, 19 the effective dose for a patient in ROLL was 9.25 μSv, less than half the dose of a chest radiograph (0.02 mSv). ROLL also offers an advantage to breast surgeons and radiologists in that the finger doses are minimal. Rampaul et al 20 performed a randomised trial to determine the need for extra-radiation protection procedures using dosimetry data from patients and hospital personnel involved in the procedure of ROLL. The finger dose was 9.3 ± 3.3 mSv to breast surgeons and 0.5 ± 0.1 mSv to radiologists. Therefore, a surgeon who performs 100 ROLL procedures per annum would receive a finger dose of around 1 mSv, which is well within the annual dose limit of 150 mSv. The study also showed that no additional protective equipment was required because no contamination was evident in the garbage and the porters received no radiation.
Our study showed that ROLL was associated with high success rates radiologically (93.6%), scintigraphically (98.9%), and surgically (81.6%). In addition to high success rates and assured radiation safety, ROLL has also been shown to offer advantages such as reduced excision volume of breast tissue, more accurate centricity of a lesion within the surgical specimen, better cosmetic outcome, and a higher percentage of tumour-free margins. 7, [21] [22] [23] Many publications have reported satisfactory success rates of ROLL ranging from 99.6% 9 to 100%, 11, 24, 25 and good margin clearance ranging from 75% 26 to 100%. 27 A local study by Chu et al 8 reported a 84% margin clearance rate. The use of an intra-operative specimen radiograph in ROLL to predict resection margin status in cases of DCIS can be further investigated in future studies.
ROLL can also be performed to localise markers previously placed to help surgeons achieve a wide local excision in pathologically high-risk cases yielded by stereotactic-guided biopsy. Stereotactic-guided vacuum-assisted biopsy with a large needle (9-Gauge) can retrieve a large amount of breast tissue, and achieve whole-lesion excision and complete removal of grouped microcalcifications. Vacuum-assisted biopsy outperforms biopsy with a core biopsy needle in terms of larger specimen size and higher calcification retrieval rate; and lower targeting error, false negative rate, underestimation rate, and the need for re-biopsy or further multi-treatment surgery. 28, 29 Pathologically high-risk cases encountered in our practice include atypical ductal hyperplasia (ADH), atypical lobular hyperplasia (ALH), lobular carcinoma in-situ (LCIS), and DCIS.
Large-scale studies have shown that there was an underestimation of cancer in cases of ADH diagnosed by vacuum-assisted core needle biopsy in 9% of patients. 30 Another study by Jackman et al 31 demonstrated that surgical excision revealed carcinoma in 22 (21%) of 104 ADH lesions.
It has also been shown that in cases of ALH diagnosed with stereotactic-guided vacuum-assisted biopsy, subsequent surgical excision demonstrated cancer in one (14.3%) of seven lesions.
32 Thus Irfan and Brem
32
recommended that surgical excision be performed for lesions that demonstrate ALH on stereotactic-guided vacuum-assisted biopsy to exclude malignancy. In a study performed by Polom et al 33 of 16 cases of LCIS, invasive ductal cancer was observed in two (12.6%) patients, invasive lobular cancer in two (12.5%) patients, and DCIS in one (6.3%). The underestimation of DCIS by stereotactic-guided vacuum-assisted biopsy was also documented in a local study performed by Wan et al, 34 where one (14.3%) of seven cases showed DCIS in a histological specimen retrieved by vacuumassisted biopsy, with excisional biopsy showing IDC. It is clear that some DCIS will progress over the lifetime of a patient. Erbas et al 35 showed that 14% to 53% of DCIS misdiagnosed as benign will progress to invasive carcinoma over 10 to 15 years. In another study by Sanders et al, 36 low-grade DCIS progressed in 11 out of 28 patients, with most occurring after 10 years; while three were diagnosed between 23 and 42 years after the initial biopsy, and five out of 11 died of breast cancer. It is important to obtain a wide surgical clearance in cases of DCIS.
In the aforementioned pathologically high-risk cases, ROLL is performed to localise previously placed vacuum-assisted biopsy markers to assist surgeons to achieve a wide local excision.
Although ROLL has gained popularity in recent years, it is not without pitfalls. Radiological success in this study was high (93.6%) with four cases of inadvertent intraductal injection of contrast and two cases of contrast staining away from the suspicious microcalcifications. In the case of inadvertent injection of contrast, it signified that there was failed localisation of the lesion due to migration of radio-isotope away from the injection site. In a study performed by Rampaul et al, 14 two of 38 ROLL procedures were associated with intraductal injection of isotope, and were diagnosed on check mammograms since non-ionic iodinated contrast was mixed with the isotope. In one of these cases, conversion to wire localisation was required. A post-injection radiograph is important as it allows early recognition and timely intervention including alternative methods of lesion localisation. Although it is difficult to predict the probability of inadvertent intraductal injection of contrast, the chance may be higher when the lesion is closer to the subareolar area where a greater abundance of intramammary ducts is expected.
This study showed a statistical association between DCIS and lower surgical success (p = 0.017). At present, conservative management of DCIS largely conforms to the principles of breast-conserving treatment for invasive breast carcinoma. Nonetheless, there may be challenges for successful breast-conserving treatment in DCIS. Approximately 80% to 90% of DCIS are calcified 37, 38 ; and the extent of calcified DCIS detected by screening mammography is a determinant of breastconserving treatment. Mammogram, however, may miss DCIS that does not present with suspicious patterns of microcalcifications. In a study performed by Hayward et al, 39 almost a quarter of patients with DCIS treated initially by breast-conserving surgery either required a second operation (39%) or were noted to have unexpected invasive disease following surgery (24%). These findings are also compatible with another study performed by Holland et al, 40 in which the authors concluded that mammographic estimates, based on the extent of microcalcifications, frequently underestimated the histological size of tumour, the extent of the discrepancy being related to the histological type (8 / 50 predominantly micropapillary / cribriform). The authors therefore concluded that adequate excision of DCIS will require a wide excision, even involving up to a whole quadrant. In another large-scale retrospective review on 'Sloane Project', 41 it was found that out of 2564 patients, 2013 (79%) had attempted breast-conserving surgery and 1430 (71%) had a successful single operation. In 30% of patients who undergo breastconserving treatment for DCIS, preoperative imaging underestimates the extent of disease resulting in further surgeries.
To ascertain the extent of disease involvement in these cases, magnetic resonance imaging (MRI) may have a complementary role in aiding the diagnosis of DCIS that is uncalcified or does not display a suspicious morphological pattern of microcalcifications. Most MRI studies of DCIS have analysed a mixed patient cohort of pure DCIS and DCIS with invasive components. 42 Several studies have reported that the MR kinetic and morphologic appearance of pure DCIS correlates with histopathology findings. [43] [44] [45] [46] [47] [48] [49] [50] In a study performed by Kuhl et al, 48 only 56% of pure DCIS was detected by mammography, whereas MRI could detect more than 90%. In another study of 33 cases of pure DCIS performed by Vag et al, 49 the sensitivity of mammography and MRI was 64% and 88%, respectively. In the study performed by Chan et al, 42 the typical morphological appearance of pure DCIS on MRI was a mass-or a non-mass-like lesion with heterogeneous or clumped enhancement.
Ironically, poor visualisation of DCIS combined with its frequency to be multifocal leads most surgeons to remove wider surgical margins. In a study by Macdonald et al, 51 local recurrence in DCIS patients treated with excision alone with margins of ≥10 mm compared favourably with local recurrence in DCIS patients with non-transected margins and treated with postoperative radiation. They concluded that the risk of invasive recurrence following widely excised DCIS was extremely low. This is in accordance with our finding of a statistically significant association of DCIS with lower surgical success, thus a wider resection margin for DCIS is necessary. The primary aim of specimen radiography in ROLL is to ensure complete removal of the targeted lesion or microcalcifications and its role has been well-established. 52 Based on the findings discussed above, further investigations on the use of specimen radiographs in ROLL to predict resection margin status in cases of DCIS can be carried out in a large-scale and prospective manner to facilitate better surgical success.
CONCLUSION
ROLL is effective in localising non-palpable breast lesions with high radiological, scintigraphic, surgical, and histological success. There is a significant association between DCIS and lower surgical success. A wider resection margin may improve surgical success.
